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Objective: To investigate the main risk factors of peripherally inserted central catheter (PICC) related
upper extremity deep venous thrombosis and establish the risk predictive model of PICC-related upper
extremity deep venous thrombosis.
Methods: Patients with PICC who were hospitalized between January 2014 and July 2015 were studied
retrospectively; they were divided into a thrombosis group (n ¼ 52), with patients who had a venous
thrombosis complication after PICC, and a no-thrombosis group (n ¼ 144), with patients without venous
thrombosis. To compare between the two groups, signiﬁcantly different variables were selected to
perform multivariate logistic regression to establish the risk-predictive model.
Results: The PICC catheter history, catheter tip position, and diameter of blood vessel were the key
factors for thrombosis. The logistic regression predictive model was as follows: Y ¼ 3.338 þ 2.040  PICC
catheter history þ1.964 catheter tip position 1.572 diameter of vessel. The area under the receiver
operating characteristic curve for the model was 0.872, 95%CI (0.817e0.927). The cut-off point was 0.801,
the sensitivity of the model was 0.832, and the speciﬁcity was 0.745.
Conclusions: The PICC catheterization history, catheter tip position, the diameter of blood vessel were
the key factors for thrombosis. The logistic regression risk model based on these factors is reliable for
predicting PICC-related upper extremity deep venous thrombosis.
© 2016 Shanxi Medical Periodical Press. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Over the past few decades, the use of peripherally inserted
central catheters (PICCs) to achieve nonpermanent yet durable
venous access has grown dramatically in the clinical population,
especially among patients with cancer and those receiving paren-
teral nutrition.1 One of the foremost complications related to a PICC
is upper extremity deep vein thrombosis (UEDVT), with a 2%e26%
incidence of PICC-UEDVT thrombosis. PICC-UEDVT interrupts
venous therapy, increases the cost of care, and even leads to pul-
monary embolism (PE) or other serious complications.2,3 Because
the clinical symptoms are poor predictors, the misdiagnosis rate for
PICC-UEDVT is very high. Hence, a rapid preliminary evaluation,
screening of high-risk groups, and implementation of preventive
measures are effective methods to reduce PICC-UEDVT. However,al Periodical Press.
Production and hosting by Elsevwhile risk factors and other clinical characteristics of PICC-UEDVT
have been evaluated, very little work has focused on the risk
model of PICC-UEDVT. The purpose of this retrospective cohort
study was to determine the risk factors related to PICC-UEDVT and
establish a risk model of PICC-UEDVT to predict which patients are
more likely to develop UEDVT following a PICC insertion.2. Materials and methods
2.1. Sample
A total of 201 patients whowere scheduled to receive a PICC in a
Tianjin hospital between January 2014 and August 2015 were
prospectively studied. All PICCs were inserted using standard
sterile techniques in a sterile environment. A radiologist performed
the venous access by ultrasound guidance, and a professional PICC
nurse carried out the insertion procedure. Then, all PICCs were
routinely checked by PICC nurses. The inclusion criteria were as
follows: (1) patients who were older than 18 years of age, (2)ier B.V. This is an open access article under the CC BY-NC-ND license (http://
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followed up in our hospital, and (3) patients who could tolerate an
ultrasound examination. The exclusion criteria were strictly as
follows: (1) patients who suffered from hemopathy, (2) patients
who had another catheter on the side of PICC, and (3) patients who
refused to sign an informed consent form.
2.2. Data collection
The data collection case report form contained the general in-
formation of patients, disease-related information, catheter-related
information and laboratory indicators, including sex, age, obesity,
number of punctures, catheter tip position, side of catheter place-
ment, vein of PICC, diameter of blood vessel (the point of puncture),
diagnosis, history of diabetes, hypertension, coronary heart disease
(CHD), trauma, operation, chemotherapy, smoking, oral anticoag-
ulants, thrombosis, PICC catheter, platelet count (PLT), and D-dimer
concentration.
The data were collected and recorded by the authors and were
obtained from interviews, nursing team records, or the hospital
information system. All patients were investigated for venous
thrombosis by Doppler sonography performed by both a speciﬁed
vascular nurse and a specialist with color Doppler ﬂow imaging
certiﬁcation (who knew nothing about the patients' conditions)
every seven days within one month of the catheter insertion.
UEDVT was diagnosed by duplex ultrasound imaging, including no
compressibility of the vein, presence of visible thrombus, and lack
of Doppler-detected venous ﬂow.4 All of the study procedures were
approved by the Tianjin Ethics Committee, and written informed
patient consent was obtained in the present study.
2.3. Statistical analysis
The software SPSS 17.0 was used for the data analysis. The dif-
ferences of PICC thrombosis between the thrombosis group and the
no-thrombosis group were evaluated with a c2 test or a T-test.
Then, the risk factors identiﬁed by univariate analyses (P < 0.05)
were input into a multivariate regression analysis to identify the
major risk factors for thrombosis and to build a risk model for
thrombosis according to their regression coefﬁcient (beta, b). Lastly,
we placed the relevant data from the cases in this study into the
newmodel to further describe the receiver operating characteristic
(ROC) curves that were used to calculate the best cut-off value and
detect the model's diagnostic ability. An alpha level of 0.05 was set
for statistical signiﬁcance.
3. Results
3.1. General results for patients with venous thrombosis
The study included 201 patients (we lost contact with 5 patients
within 1 month, so 196 patients were followed up within 1 month).
Of the 196 patients assessed in our study, 90 (45.9%) were men and
106 (54.1%) were women. The age range was 18e86 years (mean
57 ± 2 years). The incidence of UEDVT was 26.5% (52 of 196 pa-
tients). The mean time interval between PICC insertion and
thrombosis onset was 11.04 ± 5.54 days. The earliest thrombosis
occurred on the second day after insertion, and the latest occurred
26 days after PICC placement.
3.2. Statistical results of risk factors analysis
3.2.1. Univariate analyses
A total of 21 variables were entered into invariable logistic
regression analyses. Seven risk factors showed statisticalsigniﬁcance (P< 0.05): the diameter of the blood vessel, catheter tip
position, cancer, and history of diabetes, chemotherapy history,
history of thrombosis, and PICC catheter history (Table 1).
3.2.2. Multivariate analysis
To further analyze the risk factors of PICC-UEDVT, a multivariate
analysis for the seven risk factors (diameter of the blood vessel,
catheter tip position, cancer, history of diabetes, chemotherapy,
thrombosis, and PICC catheter) was performed. Direct access
methodwas applied, and P< 0.05was considered signiﬁcant for the
valid variables. The multivariate analysis revealed three statistically
signiﬁcant risk factors for UEDVT: the catheter tip position, diam-
eter of blood vessel, and PICC catheter history (Table 2). According
to their b, the risk model of PICC-UEDVT was built:
Y ¼ 3.338 þ 2.040X1 þ 1.964X2  1.572X3 (X1 ¼ PICC catheter
history, X2 ¼ catheter tip position, X3 ¼ diameter of blood vessel).
3.2.3. ROC curve and the cut-off point
We placed the relevant data from the 196 cases in this study into
the new riskmodel to obtain the results for the two groups. Then,we
described the receiver operating characteristic (ROC) curves (Fig. 1).
According to the ROC curves, the area under the ROC curves (AUC)
was 0.853, with 95% conﬁdence interval of 0.760e0.945. Youden's
index was at the maximum when Y ¼ 0.81. Therefore, 0.81 was
considered tobe thecut-off point for PICC-UEDVT. The sensitivityand
speciﬁcity of the model were 0.832 and 0.745, respectively.
4. Discussion
The reported incidence of PICC thrombosis varied greatly, and
the risk factors of PICC thrombosis were not previously well
deﬁned. The incidence of PICC-UEDVT in the present study was
26.5%, and this ﬁgure was in accordance with that of previous
research.5 This prevalence can lead to increased medical costs,
interrupted treatment, and even death. Special attention must be
paid to thrombosis prevention to reduce the risk of symptomatic
PICC-UEDVT.
Previous research revealed that factors such as cancer, diabetes,
side of catheter line placement, catheter tip location, and catheter
repositioning were risk factors for PICC-UEDVT.2,5,6 Marnejon
stated that factors such as trauma and left-sided catheters were
signiﬁcantly associated with PICC-UEDVT insertion.7 Yulan-Shi
revealed that age >60 years, BMI >25 kg/m2, and WBC
>11.4  109/L were major risk factors for thrombosis in Chinese
patients undergoing PICC chemotherapy.8 Other studies have
shown that a history of chemotherapy, being bedridden for >72 h, a
larger-diameter PICC, andmalignancy increase the risk for DVT.5,9,10
The risk factors of PICC-UEDVT have been assessed generally, but
there has been less focus on the risk model for PICC-UEDVT.
In this study, we selected 21 related risk factors for invariable
and multivariate analyses, concluding that the independent risk
factors for PICC-UEDVT were the PICC catheter history, catheter tip
position, and diameter of the blood vessel. The main reason for the
differencewith other studiesmay be the sample population (cancer
patients or general patients), research design (prospective or
retrospective), and diagnosis method (Doppler sonography or
venography). Additionally, most of the previous studies only
screened patients with symptoms (but not all patients). The impact
of the factors on the model can be observed from the b in the
multiple logistic regression: the greater the absolute value of the b,
the greater the role played in the model. Therefore, the PICC
catheter history (b ¼ 2.040) has a maximum inﬂuence on the PICC-
UEDVT, followed by the catheter tip position (b ¼ 1.964), and then
the diameter of the blood vessel (b ¼ 1.572). One of the risk fac-
tors, having a catheter history, suggests that vessel wall irritation or
Table 1
Univariable logistic regression analyses for PICC-UEDVT.
Variable PICC-UEDVT t/c2 P
Yes (n ¼ 52) No (n ¼ 144)
Sex 2.291 0.130
Male 28 60
Female 24 84
Age (years) 58.23 ± 15.80 56.56 ± 10.51 0.500 0.619
Obesity 24 48 2.702 0.100
Side of catheter 2.073 0.150
Left 8 38
Right 44 106
Vein of PICC 2.391 0.303
Basilica vein 46 135
Cephalically vein 6 8
Median cubital vein 0 1
Diameter of vessel (mm) 3.72 ± 0.59 4.22 ± 0.69 3.250 0.002*
Catheter tip position 21.159 0.000*
Upper 2/3 of SVC 10 2
Lower 1/3 of SVC 42 142
Number of punctures 3.975 0.137
1 24 88
2 27 52
>3 1 4
Cancer 5.799 0.016*
Yes 45 100
No 7 44
Diabetes 5.691 0.017*
Yes 20 31
No 32 113
Hypertension 1.509 0.219
Yes 16 32
No 36 112
CHD 1.968 0.161
Yes 12 21
No 40 123
Smoking history 2.291 0.130
Yes 28 60
No 24 84
History of thrombosis 7.586 0.006*
Yes 21 31
No 31 113
Chemotherapy history 10.601 0.001*
Yes 23 30
No 29 114
Trauma history 1.243 0.265
Yes 11 42
No 41 102
Operation history 2.667 0.102
Yes 12 51
No 40 93
Trauma history 1.243 0.265
PICC catheter history
Yes 5 5 4.545 0.033*
No 37 139
Oral anticoagulants 2.418 0.120
Yes 2 16
No 50 128
PLT (/L) (279.95 ± 49.22)  109 (278.94 ± 38.37)  109 0.695 0.487
D-dimer (mg/L) 422.79 ± 59.55 421.04 ± 44.78 0.502 0.616
Note: *P < 0.05; PICC-UEDVT: peripherally inserted central catheters related upper extremity deep vein thrombosis; CHD, coronary heart disease; PLT, platelet count; SVC,
superior vena cava.
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searchers have made similar conclusions, and one study reported
that 42% of PICC patients who had a catheter history reported ev-
idence of thrombosis on duplex scanning.11 On the one hand, the
liquid diluted quickly by the large blood ﬂow in the lower 1/3 of
SVC, reducing irritation and damage to the vascular endothelium.12
On the other hand, the tip of the catheter will shift with the ﬂow of
the blood when it is not near the SVC, which results in repeated
stimulation of vessel wall damage and may lead to thrombosis. Our
study demonstrated that the diameter of the blood vessel isanother risk factor in the risk prediction model: the larger the vein
diameter, the lower the probability of occurrence of thrombosis;
the smaller the vein diameter, the higher the probability of occur-
rence of thrombosis. This, in addition to the blood factor, may also
be associated with a higher rate of successful punctures of a rela-
tively thick blood vessel, which can reduce the formation of
thrombosis.
In our analysis, the establishment of the risk model provides an
appropriate tool for the individual health education and behavior
intervention in clinical nursing. The ROC curve indicated that 0.81
Table 2
Multivariate logistic regression correlating various parameters with the incidence of PICC-UEDVT.
Variable B SE Odds ratio 95%CI P
Diameter of blood vessel (mm) 1.572 0.730 0.208 0.050e0.868 0.031*
Catheter tip position 1.964 0.817 7.127 1.437e35.339 0.016*
Chemotherapy history 0.537 0.785 1.711 0.367e7.978 0.494
History of thrombosis 1.100 0.981 3.003 0.439e20.531 0.262
Diabetes 0.202 1.240 1.224 0.108e13.906 0.871
PICC catheter history 2.040 0.850 7.693 1.455e40.687 0.016*
Cancer 0.703 0.844 0.495 0.095e2.588 0.405
Constant quantity 3.338 2.728 28.177 e e
Note: *P < 0.05; PICC-UEVT: peripherally inserted central catheters related upper extremity deep vein thrombosis.
Fig. 1. ROC curves of PICC-UEDVT.
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speciﬁcity of the model were 0.832 and 0.745, respectively.
Accordingly, we can predict risk for an individual by taking indi-
vidual multivariable observed factors and substituting them in the
regression model to ﬁnd the risk index. Then, we can compare the
risk index with the diagnostic cut-off point to obtain a diagnostic
value for the individual. If the individual diagnostic value is greater
than or equal to 0.801 points, the individual can be treated with
prophylactic anticoagulants to avoid the occurrence of thrombosis
(with certain guidance for clinical decision).
5. Conclusions
In conclusion, this study identiﬁed the PICC catheter history,
catheter tip position, and diameter of the blood vessel as risk fac-
tors for thrombosis and established the PICC-UEDVT risk model.
This model is beneﬁcial for the individual assessment of PICCpatients and provides a screening tool for high-risk patients. There
are still limitations in our study. As the follow-up time was only 1
month and we did not perform further study on the consequences
of PICC thrombosis, the model is only applicable to patients with a
PICC. The improvement of the model needs to be more rigorous,
comprehensive and multicenter with a larger sample size.Conﬂicts of interest
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